Introduction
Hobnail hemangioma (HH) was first described as targetoid hemosiderotic hemangioma by Santa Cruz et al. in 1988 [1] . Although entirely benign, its peculiar morphology requires careful differential diagnosis with low grade vascular cancers. The nature of HH is somehow controversial. The aim of the present study was to investigate the expression of a number of markers that could clarify the origin of HH. We have recently described one such lesion [2] and now we present the results of immunohistochemistry within a short series of HHs. Our group previously performed similar studies on the origin of conventional hemangiomas [3, 4] .
Material and methods
The material has been fixed in formalin, routinely processed and paraffin embedded. From the paraffin blocks, 2 µm sections were prepared and stained by hematoxylin-eosin method. Immunohistochemistry was performed using a standard protocol. Briefly, the slides were dewaxed, rehydrated and incubated in a 3% peroxide solution for 8 minutes to block endogenous peroxidase activity. Antigen retrieval was carried out by water bath cooking in citrate buffer (0.2% citric acid titrated to pH 6.0 with 2N NaOH or, for CD31 and VEGFR-3 staining, 0.037% EDTA in pH 8.0 instead of citric acid in pH 6.0) for 30 minutes. Primary antibodies are listed in Table I . The LabVision (Thermo Fisher Scientific, USA) detection system was used. 3,3'-diaminobenzidine (DAB) served as the chromogen. The slides were counterstained with Mayer's hematoxylin (Thermo Scientific, USA). Statistics were calculated with Statistica 10 software (StatSoft Inc., Tulsa, USA). Pearson's χ 2 and Fisher exact test were used; the significance level was set at 0.05.
Results
The group under study consisted of 6 cases; there were 3 males and 3 females. The age of the patients ranged from 16 to 82 (average 49). Lesions were located on the foot, trunk, lip, shin, mucosa of the nasal vestibulum and on the tongue.
Grossly, the lesions presented as reddish, soft nodules, measuring from 3 mm to 12 mm in diameter. Histologically, the superficial part of the lesions consisted of dilated vessels, some of them containing red blood cells ( Fig. 1) , and, in the deeper portion, also smaller non-arborizing vessels forming slit-like spaces, some of them dissecting collagen fibers. The endothelial cells in the superficial portion of the lesion were plump and exophytic, showing 'hobnail' morphology but the cells lining deeper spaces tended to be flat and inconspicuous ( Fig. 2) . Immunohistochemically, the endothelia in all 6 cases were positive for the usual endothelial markers, namely, CD31 (Fig. 3 ), CD34 and vWF. In all cases single endothelial cells expressed the Ki67 proliferation antigen. In 4 cases, the endothelia were also positive for CD105 and in 4 cases, some of the smaller vessels within the lesions showed positive reaction with the D2-40 antibody (Fig. 4) . In 4 cases, single cells only were positive for BCL-2 staining. Results of the CD105, D2-40 and bcl-2 staining were not correlated. In all 6 cases, endothelia were negative for VEGFR-3 and GLUT-1 staining.
These results speak against lymphatic origin of HH.
Discussion
Hobnail hemangioma is a rare yet well-defined entity, its histogenesis however remains controversial. First described as targetoid hemosiderotic hemangioma [1] , it may be seen in any age, but most patients are in their 20s or 30s [5] . It may be located on skin of the trunk or extremities, and less frequently -the head and neck; mucosal location is even rarer [6] .
The exact origin and etiology of HH remain controversial. Immunohistochemically, the endothelial cells are positive for such markers as CD31, CD34 and vWF; some studies however emphasized positivity for such lymphatic endothelial markers as podoplanin or VEFGR-3; there are even authors reporting HH to be D2-40 positive, CD34 negative. In contrast to other vascular lesions, HH lacks actin-containing pericytes [7] [8] [9] . These features would suggest lymphatic origin [5] . The WT1 gene and its protein product are well known to be involved in urogenital development and pediatric renal cancer; it has however other functions, including participation in angiogenesis. In fact, the expression of WT1 is seen in bone marrowderived stem cells developing into endothelial cells. IHC stain with WT1 has shown to be useful for the discrimination between vascular neoplasms and malformations, the former showing cytoplasmic positive stain for WT1, whereas the latter -negative. Trindade et al. [10] have analysed 52 cases of HH, and reported them to be negative for WT1, while 8 cases were diffusely and 8 focally positive for D2-40. This was interpreted as characteristic of a lymphatic malformation rather than a lymphatic neoplasm. Al Dhaybi et al. [11] reported all 12 pediatric HH cases to be positive MARIA HEJNOLD, GRZEGORZ DYDUCH, IZABELA MOJSA, KRZYSZTOF OKOŃ for D2-40 and negative for GLUT-1. WT-1 was only focally positive in 2 cases. The authors suggested the name of "targetoid hemosiderotic lymphatic malformation" as more appropriate. On the other hand, in a review of Korean literature, Yoon et al. [12] reported all cases to be positive for blood vessel markers, but the stain for D2-40 was only focal. Mentzel et al. [8] reported all 28 out of 28 HH cases to be positive for CD31 and negative for D2-40. Three cases were positive for CD34. Similarly, in Guillou et al. series [13] , all 8 cases were positive for CD31 and negative for D2-40. These results are in concordance with the view that HH is a vascular and not lymphatic lesion. The results by Franke et al. [7] may suggest that HH is a biphasic lesion, carrying both lymphatic and vascular features, as all 10 cases were positive for CD31 and D2-40 and 6 were positive for CD34. The results in our series are similar. In Mentzel et al. study [8] , all 28 analyzed cases were CD31 positive, but only 3 were fully CD34 positive. 4 out of 8 cases were VEGFR-3 positive and 7 out of 27 cases had actin-positive pericytes. Mentzel suggests that HH represents a type of lymphangioma with characteristic cytomorphology. Guillou et al. [13] analysed 15 cases of cutaneous HH. Immunohistochemistry performed in 8 cases showed variable reactivity of endothelial cells with CD31, CD34, factor VIII-related antigen, and Ulex europaeus agglutinin-1. In all cases, smooth muscle actin-positive pericytes were observed focally around some of the abnormal vascular spaces. Also these results might suggest that HH is a specific type of lymphangioma.
HHV-8 immunohistochemistry in HH is negative [10] , and Gutzmer et al. reported no HHV-8 DNA by PCR reaction [14] . Absence of HHV-8 in HH may be of practical importance for the differential diagnosis with Kaposi sarcoma.
It has also been proposed that HH might result from a simple physical injury or inflammation, like more common lobulated capillary hemangioma [5, [15] [16] [17] . Others stress the role of the microshunts connecting lymphatic vessels and adjacent blood vessels [5] . Although stains for estrogen, progesterone and androgen receptor were reported as negative [15, 16] , menstrual cycle and pregnancy dependence has been reported in female patients [5, 15] .
In conclusion, the exact nature of hobnail hemangioma remains elusive. However, the recent results suggest that HH can be a trauma-related/post-traumatic vascular malformation. 
